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Abstract 
In this paper is set the framework for student modeling based on psychological models, which are deployed on the Web. During the 
development stage, some issues were dealt such as: the adaptation of tests that were designed for being applied manually to the subject by the 
experimenter. Moreover, the outcomes of the experiment are resumed, where one of the findings was that: the apprenticeship of students whose 
provision of lectures takes into account the student model is higher than the learning acquired by individuals whose student model is ignored. 
The aim of this work is to encourage the use of psychological models for being applied on the Web in order to spread their application in the 
adaptive Web-based education. 
© 2009 Elsevier Ltd. 
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1. Introduction  
The student model is an abstract representation that an intelligent tutoring system (ITS) or a Web-based education system 
(WBES) depicts about specific attributes of an individual. A computer educational system, as an ITS or WBES, that holds a 
student model pursues to automatically adapt the selection of lectures,  the type of content, the way of evaluation, and many more 
items and tasks to the particular profile of each student. Nora Parcus (Parcus, 2000) states: “Without a student model a system 
will perform in exactly the same way with all users, since there is no basis to behave in a different manner”. Likewise, student 
modeling is a process devoted to carry out the whole life cycle of a student model by means of a body of tasks composed by: 
knowledge acquisition about the individual, organization and representation of knowledge, update, maintenance, and 
exploitation. Usually, the student model encompasses attributes stemmed from specific domains, such as: acquired knowledge 
about the teaching domain, background, misconceptions, behavior, goals and interests of the individual. However, a student 
model can never be completely accurate; indeed, it is quite often a rough approximation about the target of representation. 
When a student model is set some attributes must be defined, such as: adaptive or adaptable, depending if the system or the 
developer updates the model; querying or observation, according how the update is done; internal or external,  if it is part of the 
system or it is independent; dynamic or static, when the update is achieved during the interaction with the user, or it is fulfilled in 
specific stages; hidden or visible, whether the user unknowns her/his model, or she/he is aware of it; gray levels, depending on 
how detailed it is, so it can be coarse or fine grained; short term or long term, according to the duration of the student model.  
In this approach the student model encompasses three domains: cognitive, learning preferences, and personality about the 
person. It is a mixture of adaptive and adaptable, due to people indirectly feed their attributes for each domain; moreover, the 
system transforms the responses to qualitative values for the concepts analyzed by psychological models. Hence, the fine grained 
detail is set according the psychological tools that are taken into account. The student model is fed by query through the on-line 
application of psychological quizzes. The update is static, because the student answers the psychological tests, and after  she/he 
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takes her/his lessons; thereby, it is a long term model. Also, it is hidden to the users, so they never know the existence of the 
student model. 
Given the former underlying concepts, the structure, the items, and the method for building the student model are stated as 
follows: in section two the formal model is outlined; while in section three, the organization and the composition of the student 
model are depicted. Whereas, in section four the student modeling development is set, and the experimental trial is resumed in 
section five. Finally, in the conclusions section a discussion about the approach is claimed and the future work is outlined. 
2. Student model foundations 
A student model is composed by beliefs that the systems owns about any specific user. Based on the classical formal notation 
proposed by John Self (Self, 1991), beliefs are stated by formulas in the propositional calculus. Thus, the objects of belief are 
depicted like propositions, which can be assessed true or false. Beliefs concern to the behavior of a given agent, such as a user
(U), or a system (S). Thus, in order to formalize beliefs, let p be a preposition, then BS p holds if system S beliefs p. Therefore, the 
set of beliefs of the system S is: BS = {p | BS p}. Besides, the underlying formal description of a student model (SM) corresponds 
to the set of propositions the systems S believes about the user U, such that: SM = BS (U) = {p | BS p(U)}. Thereby, for any 
domain oriented to characterize the student, as the cognitive (C), the system owns a set of prepositions (BS p) that it believes that 
is true about the student, such as Cs(U), in the way outlined in (1). Wherefore, any domain used for depicting the SM can be 
stated through (1) by substituting C by L, and P, which correspond respectively to the personality, and learning preferences. As a 
result, the whole SM is composed by the union of the sets of prepositions believed by the system in the way outlined in (2). 
})(|{)( CpUBsppUCs ∈=  (1) 
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3. Student model structure 
In this section the organization and the elements of the student model are stated from the logical and physical views. So, 
firstly it is set the conceptual structure of the model, and it is shown how it is physically encoded. Afterwards, the psychological 
model for three domains is introduced. Finally, some of the concepts that conform the three domains are pointed out. 
3.1. Student model organization 
The abstract representation of the student embraces three domains of study from a holistic view. Thereby, the main concepts 
from each domain integrate the student model. Such concepts give away specific attributes of the individual from the cognitive, 
learning preference, and personality perspectives. Hence, the first issue arises: Which are the appropriate tools for depicting the 
individual from such domains? After a carefully research for choosing the most suitable psychological tools, three models were 
chosen: for the cognitive domain was used the Wechsler Adult Intelligent Scale (WAIS) (Wechsler, 2002); in regards to the 
learning preference domain, the Gardner’s Multiple Intelligence model (GMIM) was taken into account (Gardner, 1983); 
whereas, the personality domain was outlined according to the Minnesota Multiphase Personality Inventory version 2 (MMPI-2) 
(Hathaway & McKinley, 1989). 
Each model embraces several concepts to depict an individual from its theoretical view; for instance WAIS owns eleven 
scales that are evaluated to identify the intelligence quotient (IQ) of the person. So every concept is stated by its semantic 
definition, a term, and a value, e.g., the learning preference visual-spatial is set in GMIM as “the ability to define and manipulate 
a mental model”, where its term is  visual-spatial, and a possible value could be quite high, which is stemmed from a set of 
qualitative values, called universe of discourse, that depicts different gray-levels such as: high, medium, low, …However, any 
qualitative value is a kind of fuzzy value that is outcome from a quantitative process that begins with the evaluation of the 
respective psychological test. Thereby, the concepts that conform the student model are semantically defined in an ontology. The 
ontology is an object-oriented knowledge repository that sets meta-classes, classes, data-properties, and instances, where: meta-
classes hold common properties that are inherited to classes; classes are conceptual definitions of specific entities of the 
domains, such as concepts, and values; data-properties correspond to the characteristics that are used to define classes as the 
universe of discourse attached to a given concept; instances are objects that are derived from classes in order to depict a specific 
element, e.g. the visual-spatial instance is stemmed from the class concept. The ontology is encoded by the use of Web Ontology 
Language, which is based on eXtensible Markup Language (XML) –a standard language used to depict documents in Internet–.  
In addition to the ontology, there is a set of XML documents to point out the values for each attribute that corresponds to a 
given student. Thus, three XML files are devoted for cognitive, learning preferences, and personality of the student i. Therefore, 
every XML element is semantically stated into the ontology according to the classes, data-properties, and instances. Every 
repository owns an agent devoted to carry out the administration of its access, the storage, the update, the inference, and the 
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exploitation. Hence, the approach uses a common ontology for the students, and a set of three files for every user to depict 
her/his personal profile. 
3.2. Student model elements 
The aim of the three psychological models is to outcome a diagnostic of the individual, without propose a therapy to deal with 
specific issues. Such diagnostic is composed by the evaluation of a sort of concepts. These concepts are the target of study of a 
given psychological model. Hence, according to WAIS the cognitive domain embraces two scales: verbal and performance. 
These scales contain respectively six and five concepts that measures specific cognitive skills. Once the eleven concepts are 
evaluated, the two scales are estimated in order to generate the IQ. In regards to learning preferences domain, it encompasses the 
eight concepts that GMIM studies. Thus, the evaluation reveals eight independent measures of preference for each learning style. 
Likewise, the personality domain based on MMPI-2 holds three sets of scales: basic, supplementary, and content. Every set 
focuses on a group of validation answer criteria, psychological, and behavior issues of the person. Also, each concept is 
evaluated without to depict a holistic diagnostic about the whole personality of the individual. 
The verbal scale of the cognitive domain holds six concepts: 1) information, measures general knowledge; 2) comprehension, 
focuses on issues of social awareness; 3) arithmetic, tests distractibility as well as numerical reasoning; 4) similarities, measures 
concept comprehension; 5) vocabulary: measures common knowledge; 6) digit span, estimates immediate auditory recall. 
Moreover, the performance scale evaluates five concepts: 1) digit symbol, estimates mental association; 2) picture completion, 
tests the identification of missing details in figures; 3) block design, estimates the ability to carry out visual composition; 4) 
picture arrangement, evaluates the visual-logical ability of the subject to arrange logical sequences of pictures; 5) object 
assembly, identifies the visual skills of the subject. 
The eight concepts that integrate the learning preferences domain are the following: 1) intrapersonal, reveals the ability to 
know oneself; 2) interpersonal, is the ability to interpret and respond to moods, emotions, motivations, and actions of others, 3) 
verbal linguistic, gives away the individual’s ability to understand and manipulate words and languages; 4) body-kinesthetic, 
refers to people who process information through sensations they feel in their bodies; 5) logical-mathematical, brings out the 
individual’s ability to do things with data; 6) musical-rhythmic, corresponds to the ability to understand, create and interpret 
musical pitches, timbre, rhythm, and tones and the capability to compose music; 7) visual-spatial, identifies the ability to form 
and manipulate a mental model; 8) nature disposed, reveals the aim to watch and interact with the nature.  
In regards to the personality domain, a sample of concepts for  basic, supplementary, and content scales is stated as follows: 1) 
basic, points out a essential profile of the individual related to her/his mental health and behavior. This scale owns ten concepts: 
hypochondriasis, depression, conversion hysteria, paranoia, hypomania, social introversion, psychasthenia, schizophrenia, 
psychopathic deviate, masculinity-femininity; 2) supplementary, extends the interpretation of the basic scale through eleven 
concepts such as: anxiety, repression, ego strength, alcoholism, dominance, overcontrolled hostility, dominance, social 
responsibility, colleague maladjustment, post-traumatic stress, gender role masculine and feminine; 3) content, depicts and 
predicts some personality variables through fifteen scales such as: fears, obsessiveness, health concerns, bizarre mentation, anger, 
cynicism, antisocial practices, low  self-esteem, impatience, social discomfort, family problems, work interference, negative 
treatment. Moreover, the validation concepts establish the acceptability of the test answered by the subject through the statistical 
analysis of answers that are interpreted as lies, can not respond, variable and true response inconsistency. 
4. Student modeling development 
In this section the process for student modeling is outlined. The description focuses on the psychological evaluation methods, 
and on the accounting of issues that were dealt for the implementation of the psychological tests on the Web. The student model 
meets the attributes stated in the introduction section. Thereby the facility for acquiring knowledge about the user was Internet. 
4.1. Psychological acquisition and evaluation methods 
The evaluation methods used for student modeling take into account the theoretical grounds of their respective psychological 
model. Furthermore, the materials, procedure, and guidelines were adapted accurately as was possible, due to they were designed 
for being manually applied. So in this section the development of the three acquisition and evaluation methods is resumed.  
The cognitive domain is stated through the application of eleven psychological tests. Each test pursues to evaluate a specific 
cognitive skill that corresponds to one of the eleven concepts identified earlier. Thus, some tests are applied by the use of text to 
depict questions, and receive answers. Others tests, sketch some figures, or pictures to state a problem to be solved. So the user 
has to pick up some figure and point the mouse in some place in order to answer the problem. Generally, the time is constrained 
for achieve the whole exam, and for each exercise too. Moreover, the people only have the chance to answer the trials just one 
time. Every answer is recorded as a letter, a digit, a word, a phrase, number of figure, or a selected position. Also, the time 
elapsed is registered. Once the user answered the eleven tests, the evaluation process is triggered to assign a qualification for 
every answer according to the value and time consumed. The punctuation achieved for every concept is normalized by a number 
that appears in the table that corresponds to the age of the individual. Afterwards, the value for the verbal and performance scales 
is outcome as the accumulation of normalized values of the concepts that they include. The sum of this couple of values is done 
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to identify the IQ of the user according to the table that reveals his/her age. Finally, the qualitative value that corresponds to the 
IQ is set according to the numerical correspondence between the quantitative IQ and the universe of discourse.  
In regards to the learning preferences domain, the test embraces 80 questions about behaviors, styles, and preferences oriented 
to learn. Wherefore, the learning style owns ten questions, which appear among the quizzes of the others preferences. The user 
answers 1, if the topic stated in the quiz is quite attractive, otherwise, she/he answers 0. The people must answer the whole test in 
less than fifteen minutes. During the examination, the digit answers are stored in a file. Afterwards, a process is activated to 
compute the number of value answers equal to 1 for each learning preference. Later, the total of each preference is stored, and a 
qualitative term is identified from its universe of discourse according to the corresponding quantitative value.   
The acquisition and evaluation method for the personality domain is accomplished as follows: The test contains 567 true-false
questions to estimate the concepts of the three scales. Any question can be attached to one or more concepts. The sort of question 
goes from ways of thinking to sexual habits. A time limit of 75 minutes is set for answering the whole exam. Once the person 
finish the text, all the answers are storage as 0 for false, and 1 for true Booleans values. Due to each concept holds several 
questions; the first task is to compute the rough value for every concept, given by the number of answers equal to 1. Afterwards, 
the adjusted factor K is applied in a given proportion to some concepts of the basic scale to increment their former rough value. 
Later, the concept’s rough value is normalized according the scale’s table that corresponds to the gender of the user, such number 
is called T-value. In the forth task, the validation concepts are estimated in order to decide whether accept or reject the test. After, 
the qualitative value for each concept is identified according to its T-value. Wherefore, based on the universe of discourse a fuzzy 
term as quit high, high, medium, low, or quite low is attached to each basic, supplementary, and content concept. 
4.2. Issues to be dealt during the implementation  
Because the student model is a module of a WBES, its deployment takes into account the nature of Internet. Unfortunately, 
the most common of psychological models, and particularly the three that were chosen in this approach, are not designed for 
being used on the Web. Thus, during the development stage some issues were considered, as the following:  
The adaptation of the material to Web pages, the models use printed forms with text, pictures, and figures. Also, some of them 
contain blocks, puzzles, and toys. Thus, the developer team must design equivalent graphs and images to represent them. What is 
more, the Web applications must take over the time, the number of trials, the user-assistance and supervision of the quizzes. In 
addition, the Web system must dealt with ordinary Internet troubles such as: user authentication, system failures, network 
overhead, bandwidth, application persistence, data binding, assessment, monitoring, and the grants for the use of resources.  
Such kind of issues was carefully studied, and some guidelines were set, such as: tailor the tools like the original ones as 
accurately as possible; implement computer procedures to apply the guidelines with the highest precision as possible; employ 
standard Web languages that are able to run in any Web navigator program; take advantage of the services that offer a robust 
server platform in order to dynamically generate Web pages; encode client programs as light as possible, whose main support is 
given by Javascript for delivering dynamic Web pages; track the results, data, and activities fulfilled during the sessions; 
supervise the behavior of the users; offer an efficient support to the users. 
5. Experimental case of study 
With the aim to find out the usefulness of the student model and identify the effectiveness of the use of psychological models 
in Internet, was stated a hypothesis:  iff the apprenticeship of the people who receive lectures according to their user knowledge 
is higher than the learning acquired by their peers whose lectures were randomly chosen, then: there will be empirical evidence 
for asserting the effectiveness of the approach. The trial embraced five stages: planning, integration, training, trial, and 
assessment, whose outcomes are stated next (Peña, 2008). 
As a result of the planning several deliverables were accomplished, like: research protocol, WBES prototype, course about 
“Scientific Research Method”, marketing campaign through Internet, three tools for acquiring knowledge about cognitive,  
learning preferences, and personality domains. 
In the integration stage, a universe of 200 volunteers was recruited. The subjects are students and professors at bachelor, 
master and doctoral degrees from several carries, universities and states of the country. Afterwards, the three tests were applied 
to the universe of participants. During a period of three months, the tests were available on the Web for being answered. But, 
many volunteers progressively deserted without achieving the three tests. At the end, just 50 subjects applied all tests and 
confirmed their decision to go on. Therefore, a population of 50 peoples was set. 
In the training stage, the WBES delivered introductory lectures to the population in order to prepare the subjects to the trial. 
Later, a sample of eighteen volunteers was randomly chosen. The sample’s size reveals a standard error of 0.05. Next, the sample 
was randomly split into two teams of nine people each: experimental (E) and control (C).  
The trial stage embraced three tasks: pre-measure, stimulus provision, and post-measure. Hence, the reference to estimate the 
apprenticeship of the volunteers was a set of ten key topics, such as hypothesis, law, and theory. Thereby, a knowledge domain 
test was applied to the sample. The test held six questions for each key topic, so a total of 60 questions were asked. The 
estimation of the knowledge domain level for each key topic used the Bloom’s Taxonomy (Anderson & Krathwohl, 2001). 
Therefore, the highest level achieved in row by the subject was her/his score. For instance, if volunteer a got level 3-application
for key topic law; this means that the subject a, also, met the questions corresponding to 1-knowledge, and 2-comprehension; but 
2000  Alejandro Peña Ayala / Procedia Social and Behavioral Sciences 1 (2009) 1996–2000 
she/he failed the answer that reveals 4-analysis proficiency. Afterwards, a lecture about such key topic was delivered. Later, the 
same test was applied to identify the level achieved. Therefore, the apprenticeship for a key topic was stemmed from the 
difference between the post-measure and the pre-measure. During the trial, the team E was taught according to the selection of 
lectures that took into account the student model, whereas the group C took lectures that were randomly chosen, without 
considering her/his profile.  
In the assessment, some assumptions were set, such as: 1) the trial was blind, so the participants were not aware of the 
approach, neither the outcomes of the three tests; 2) the independent variable was the use of the student model; 3) the dependent 
variable was the difference between the average learning achieved by groups E and C; 4) the noise variable was the subject-
WBES interaction troubles. The result revealed that: the prior knowledge of team E was 38 levels, against 42 of group C. But, 
after the trial, the knowledge of group E was enhanced up to 198 levels, against 174 of team C. So the apprenticeship of team E
was 15% higher in number of levels than the levels acquired by group C. Also, the analysis of variance for group E gives away a 
high regression with probability of 0.006, as the figure 1 shows. Therefore, the predictions’ accuracy for the population was quite 
high. In short, the contribution of the approach was quite valuable.  
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Figure 1. Regression diagram for the experimental and control groups
6. Conclusions 
The student model is a complex task that deals wit incertitude, imprecision, and incompleteness. The study about any domain 
considered for a student model is subject of research of several disciplines. However, the student modeling is a necessary module 
in WBES in order to adapt in an intelligent way the education to the students. Therefore, it is necessary to take advantage from 
the findings, outcomes, models, and tools carried out by sciences such as the psychology. However, most of the work fulfilled by 
such discipline is devoted to personal and manual application. Thus, more research is desirable to shift the application of 
psychological models to virtual environments in order to spread their use. The findings of this student model approach are quit 
useful to encourage the use of psychological tools, and try to adapt them to the Web arena. Although, new risks and challenges 
need to be faced as the distance supervision, the electronic material, the communication between the experimenter and the 
subject, the use of friendly user-system interfaces, and the accuracy of the knowledge acquisition process. 
As a future work is the automatic knowledge acquisition. Also, the innovation of virtual psychology models is necessary. 
Moreover, the design of Web applications that supervise the behavior of the subjects is required. In addition, research is need to 
aggregate empirical evidence about the advantages and the limitations of the student models.  
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